À1 which is one of the highest among the current conducting polymers. They are thus superior to the common globular form with the conductivity of units of S cm À1 or lower. The conductivity of both forms is reduced after treatment with alkalis but still remains high, units of S cm À1 and 10 À2 S cm
Introduction
Conducting polymers, such as polypyrrole or polyaniline, nd uses especially in energy storage devices and recently also in biomedical applications that exploit their intrinsic conductivity, responsivity, and electrochemical switching. They are popular because of their easy and economic preparation by the oxidation of corresponding monomers. Some of their applications, however, are limited by the pH at which conducting polymers are used. This applies especially to those operating under physiological or alkaline conditions, where the conducting polymer salts convert to non-conducting polymer bases. There are valued properties of such conducting polymers: (1) high conductivity, (2) stability towards the deprotonation and consequent loss of conductivity under alkaline conditions, (3) electrochemical activity, (4) responsivity to external stimuli, (5) catalytic and electrocatalytic properties, and (6) long-term environmental stability. The control and understanding of their underlying molecular structure and morphology is an important goal.
The present study is focused on polypyrrole. The typical conductivity of polypyrrole prepared by the oxidation of pyrrole with iron(III) salts is 10 À2 S cm À1 . 1 When the polypyrrole was prepared in the presence of surfactants, the conductivity was higher by about two orders of magnitude, and reached 3.1 S cm À1 for sodium dodecylbenzenesulfonate, 1 The surfactants thus have a benecial inuence on the conductivity of polypyrrole.
The conductivity was reduced by several orders of magnitude when polypyrrole was converted to corresponding bases in ammonia solutions, and even more in sodium hydroxide solutions. 1, [5] [6] [7] [8] [9] [10] [11] The certain level of conductivity is still maintained even under strongly alkaline conditions. For example, the conductivity of globular polypyrrole, 0.012 S cm À1 , was reduced to 3.7 Â 10 À5 S cm À1 aer treatment with 1 M ammonium hydroxide. 12 Similarly, the conductivity of globular polypyrrole sulfate was reduced from 0.24 S cm À1 to 3.8 Â 10 À6 S cm À1 aer being immersed in 1 M ammonium hydroxide, and to 6.4 Â 10 À10 S cm À1 in 1 M sodium hydroxide. 1 The conductivity increased again aer treatment with acid solutions but its recovery has not been complete. 5, 6, 11 The deprotonation/ reprotonation cycle in polypyrrole was exploited in ammonia sensors, [13] [14] [15] silver recovery 16 and sodium-ion batteries. 17 Such salt-base conversion imposes restrictions to some applications, e.g., to textiles coated with conducting polymers that need to be washed. 18 Both forms, a salt and a base, differ not only in conductivity but also in density and thermal conductivity, 19 electron spin concentration 20 or the third-order optical nonlinearity, 21 and other electrical and optical properties. When polypyrrole was prepared in the presence of a dye, such as methyl orange (MO), polypyrrole nanotubes were obtained 12,22-24 instead of a classical globular morphology. The conductivity of nanotubular polypyrrole was of the order of tens S cm À1 , 23, 25 i.e. considerably higher compared with the conductivity of the globular form. The preparation and application of polypyrrole nanotubes has therefore recently become a fast developing research direction, 26-31 also due to the interesting nanostructured morphology. The conductivity of polypyrrole nanotubes decreased from 60 S cm À1 only to 0.012 S cm À1 aer suspension in 1 M ammonium hydroxide, 23 i.e. nanotubes were still conducting under alkaline conditions. 12,32 Similar trend was observed in the composites of polypyrrole nanotubes with silver.
12, 33 The high conductivity of polypyrrole nanotubes and its resistance towards the deprotonation and consequent loss of conductivity under alkaline conditions inspired the present study aimed at the discussion of salt-base transition in various forms of polypyrrole.
Experimental

Preparation of globular and nanotubular polypyrrole
Polypyrrole nanotubes were prepared by the oxidation of 0.05 M pyrrole with 0.05 M iron(III) chloride in the presence of 0.005 M of methyl orange. 3.35 g of pyrrole and 1.64 g methyl orange, sodium 4-[(4-dimethylamino)phenylazo]benzenesulfonate, were dissolved in water and the volume was adjusted to 0.5 L. 13.5 g of iron(III) chloride hexahydrate was similarly dissolved in water to 0.5 L of solution. Both solutions were mixed at room temperature to start the oxidation of pyrrole. Next day, polypyrrole precipitate was collected on lter, rinsed with 0.2 M hydrochloric acid, copious amounts of ethanol, and le to dry in air. For the purpose of present study, globular polypyrrole was prepared in the same manner, only in the absence of MO.
Deprotonation and reprotonation of polypyrrole
Polypyrrole hydrochloride obtained aer preparation was deprotonated by immersion in excess of 1 M ammonium hydroxide. Weighed amount of polypyrrole in sintered glass lter was placed in ammonia solution and le at rest for 24 h. The lter was then removed, rinsed with ammonia solution, and ethanol. The mass of solids was determined aer drying. The ammonia solutions were evaporated and the mass of collected solids, referred to below as a ltrate, was determined.
A part of the deprotonated polypyrrole was immersed again in excess of 1 M hydrochloric acid for 24 h to test the reprotonation ability. The solids were then collected, rinsed with acid solution, and ethanol. Aer drying, the change in mass was evaluated.
Characterization
Room temperature conductivity was determined by a four-point method in van Fourier-transform infrared (FTIR) spectra of the powders dispersed in potassium bromide pellets were registered using a Thermo Nicolet NEXUS 870 FTIR Spectrometer with a DTGS TEC detector in the 400-4000 cm À1 wavenumber region.
Raman spectra were recorded on a Renishaw InVia Reex Raman microspectrometer. The spectra were excited with a near infrared diode 785 nm laser. A research-grade Leica DM LM microscope with an objective magnication Â 50 was used to focus the laser beam on the sample placed on an X-Y motorized sample stage. The scattered light was analyzed with a spectrograph using a holographic grating 1200 lines per mm. A Peltiercooled CCD detector (576 Â 384 pixels) registered the dispersed light.
Results and discussion
Molecular structure
The molecular structures of protonated polypyrrole (polypyrrole salt) proposed in the literature somewhat vary but there is agreement on the structure of polypyrrole base obtained aer deprotonation, which is composed of both the oxidized and reduced pyrrole constitutional units (Fig. 1) . 7, 9, 13 The localization of positive charges on polymer chain, as well as the presence of unpaired spins, polarons, detected by electron paramagnetic resonance, is still open to discussion. For the purpose of present study, the rearrangement of electrons within polypyrrole chain leading to the formation of charge carriers can be proposed (Fig. 2) .
Conductivity
Polypyrrole exists as a conducting salt obtained aer preparation and less conducting or insulating base ( Fig. 1) produced by subsequent deprotonation aer the treatment with alkalis. 1, 10, 12 Both the level of conductivity and the resistance towards the deprotonation were improved when the polymerization of pyrrole was carried out in the presence of anionic surfactants, and the conductivity of polypyrrole increased by one or two orders of magnitude.
1, 34 The presence of anionic surfactants thus generally (1) increased the conductivity of polypyrrole and (2) improved the level of conductivity under alkaline conditions. Surfactant anions were proved to participate as counter-ions in polypyrrole ( Fig. 1) . 1, 9 The ionic bond responsible for the salt formation seems to be sterically protected by the hydrophobic surfactant part from the direct access of alkalis, hydroxyl ions, thus reducing the extent of polypyrrole deprotonation to a corresponding base (Fig. 1) .
The similar observation has recently been made when polypyrrole was prepared in the presence of MO dye (Fig. 3) . The conductivity of polypyrrole hydrochloride was (1) considerably higher compared with the preparation in the absence of MO, and (2) the resistance to the loss of conductivity aer treatment with alkalis was considerably improved (Table 1) as mentioned in the Introduction. In addition, the morphology distinctly changed from globular to nanotubular (Fig. 4) . Nanotubes have also higher specic surface area, 32 55 m 2 g À1 , than the globular
We conclude that the dye has about the similar effect on the preparation of polypyrrole as a surfactant, but its performance with respect to conductivity is even better. In aqueous media, the classical surfactant, sodium dodecylbenzenesulfonate has a tendency towards the formation of micelles with a hydrophobic core composed of dodecyl substituents. In fact, MO is similarly composed of a large hydrophobic moiety and hydrophilic sulfonate group (Fig. 3 ). Both types of molecules thus can sterically protect the bonding of sulfonic group to nitrogen atoms in polypyrrole chain. The marked difference, however, consists in the molecule rigidity, which is exible in the former case and stiff in the case of MO. While dodecylbenzenesulfonate would produce amorphous micellar aggregates, MO may be better suited to form more organized objects of liquid-crystalline type. The improved organization of polypyrrole chains, enforced already to the pyrrole monomers by surfactants, then leads to the improved conductivity of this polymer. Nanostructures where polypyrrole chains are organized are expected to have improved conductivity, and brush-like chainordering in electropolymerized polypyrrole lms may also serve as an example. The reported conductivity was 15-36 S cm À1 , 9 26-28 S cm À1 , 7 34-52 S cm À1 , 35 and z100 S cm À1 , 6 i.e. three orders of magnitude higher compared with globular polypyrrole. The conductivity in the rst case 9 was reduced to 0.3 S cm À1 aer treatment with 0.5 M sodium hydroxide at 100 C, i.e. the resistance towards the deprotonation in alkalis was also good.
Mass balance and elemental analysis
The deprotonation scheme ( Fig. 1 ) has frequently been proposed for polypyrrole 9, 10, 12, 14, 24, 33, 34, 36 in the discussion of its properties. In the present case, the number of reduced polypyrrole units (-NH-in base) is higher than the number oxidized polypyrrole units (]N-in base) as assumed in early reports.
9,13
The protonation of oxidized units is preferred to reduced units as conrmed in experimental studies. 9, 17 It should be noted that some papers consider also the protonation of amine groups.
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The hypothesis that the current counter-ions are not only simply removed during deprotonation but replaced with hydroxide anions have also been proposed. 20 Generally, however, the deprotonation is associated with the reduction of mass. 6 In the case of polypyrrole hydrochloride, the mass fraction of hydrochloric acid in polypyrrole salt calculated according to the formula in Fig. 1 is 15 .8 wt%. The lower mass decrease by 9.4 and 9.1 wt% were found in present experiment for globular and nanotubular polypyrroles, respectively (Table 1) . If all acid were neutralized with ammonium hydroxide, 1 g of polypyrrole hydrochloride should yield 232 mg of ammonium chloride. Ammonium chloride is indeed recovered as white crystals aer evaporation of ammonium hydroxide solution, as identied by FTIR spectra below. Its quantity, however, is again lower, 173 and 130 mg per 1 g of globular and nanotubular polypyrrole salts. This means that either (1) a part of acid still remains attached to polypyrrole backbone and the deprotonation was not complete or (2) the amount of hydrochloric acid was smaller than that proposed. The former hypotheses seem to be supported by mass balance and elemental analysis by EDS.
The Cl/N atomic ratio expected by the proposed stoichiometry ( Fig. 1 ) is 2/6 ¼ 0.33. EDS yields ratio 0.21 for globular form. This suggests that globular polypyrrole is protonated less than expected. Aer deprotonation with 1 M ammonia solution, the Cl/N ratios is reduced from 0.21 to 0.12 but not to zero, as expected for complete deprotonation. Only in stronger alkali, in 1 M sodium hydroxide, Cl/N ratio drops to 0.02.
For polypyrrole nanotubes the Cl/N ratio was 0.30, i.e. close to theoretical expectation, and the value was reduced to 0.03 aer treatment with ammonia solution, again indicating agreement with the proposed deprotonation (Fig. 1) . This atomic ratio may also be affected by the presence of methyl orange. Polypyrrole nanotubes contain in addition sulfur from the sulfonic groups in MO. The atomic S/N ratio 0.10 was reduced only to 0.06 aer being exposed to ammonia solutions, and changed only marginally to 0.05 in 1 M sodium hydroxide. The former hypothesis of incomplete deprotonation is also supported by conductivity measurements that conrm still a good level of conductivity, 10 À2 S cm À1 , and by the observation that the conductivity is further reduced aer treatment with a stronger alkali, sodium hydroxide. The (Table 1 ). The conductivity partly recovers for globular polypyrrole (Table 1) . A similar deprotonation/ reprotonation behavior was reported but the conductivity gradually decreased aer each cycle. 5, 6 The literature on this process have been thoroughly reviewed. 13 The recovery of conductivity in polypyrrole nanotubes has also never been complete. This is probably due to the damage of chain organization associated with mass loss and consequent volume reduction during deprotonation.
Infrared spectra during deprotonation
Infrared spectrum of the globular polypyrrole salt (spectrum G in Fig. 5a ) exhibits the main bands which were previously described. 1, 10, 32 The shape of the spectrum of polypyrrole aer deprotonation with 1 M ammonium hydroxide changed 32 (spectrum D). Absorption in the region above 1600 cm À1 decreased and a weak band at 1700 cm À1 appeared. It corresponds to the presence of carbonyl group previously attributed to the nucleophilic attack of water during the preparation. The shape of the spectrum of the sample obtained aer reprotonation with 1 M hydrochloric acid (spectrum R) dramatically changed. It exhibits very small absorption caused by compact stone-like structure which was difficult to disperse in potassium bromide pellets. As a consequence the aliphatic impurities (detected at 2925 and 2856 cm À1 ) and a relatively strong absorption bands in the region of stretching and bending vibrations of water molecules at about 3422 cm À1 and 1633 cm À1 coming from potassium bromide pellet were detected in the spectrum. Nevertheless, the main bands of protonated polypyrrole can be observed in the spectrum. The spectrum of the ltrate obtained aer deprotonation (spectrum F) corresponds well to the spectrum of ammonium chloride, viz. N-H vibrations in ammonium cation, as it was expected in the Fig. 1 . Infrared spectra of the nanotubular polypyrrole (NT in Fig. 5b ) and its deprotonated (D) and reprotonated (R) forms exhibit small absorption, which is a result of their compact stone-like structure and they were difficult to disperse in potassium bromide pellets. This may be connected with strong hydrogen bonding in the samples. In addition to the bands of aliphatic impurities (at 2925 and 2856 cm À1 ) and of humidity (at 3440 and 1633 cm À1 ), the band of carbonyl group at about 1722 cm À1 can be detected. The main bands of polypyrrole are present in all spectra. The band of C-N stretching vibrations in the pyrrole rings observed at 1455 cm À1 in the spectra of globular polypyrrole splits into two maxima at 1470 and 1443 cm À1 , similarly as it was observed in the presence of surfactants. 1 The maximum of the band connected with the breathing vibrations of the pyrrole rings observed at 1163 cm À1 in the spectrum of polypyrrole nanotubes keeps the same position aer deprotonation. Some small peaks in the spectra of deprotonated and reprotonated samples marked with asterisk correspond to the presence of methyl orange (spectrum MO). Please note that MO is, except for some traces, absent in the spectrum of the ltrate obtained aer deprotonation (spectrum F). This means that MO is not simply bound to polypyrrole in its yellow salt form (Fig. 3b) as a counter-ion (Fig. 6a) , but might be "inserted" into polypyrrole salt in its red acid form (Fig. 6b) . Such construction would explain the absence of MO in the ltrate aer treatment with ammonia, and a consequent resistance of nanotubes towards the complete deprotonation associated with the loss of polypyrrole conductivity.
Raman spectra during deprotonation
Raman spectroscopy is a convenient tool for the study of structural bonding in conjugated polymers, such as polypyrrole. A formula of polypyrrole salt includes the oxidized and reduced units in its molecular structure (Fig. 1) . In reality, we have to consider the presence of localized structural defects associated with polymer backbone which are connected with the existence of polarons (radical cations) and bipolarons (dications diradicals) (Fig. 2) . They can be detected in the Raman spectra of protonated polypyrrole.
In the spectrum of globular polypyrrole salt (spectrum G in Fig. 7a ) we observe the bands of C]C in-ring of C-C inter-ring vibrations and of the stretching vibrations in cation of the polypyrrole backbone with a maximum at 1598 cm À1 . 39, 40 The maximum of this band is shied to 1607 cm À1 in the spectrum of polypyrrole aer deprotonation with 1 M ammonium hydroxide (spectrum D), which corresponds to the C]C backbone stretching vibrations in short conjugation length, a dication. 39 The band of C-C and C]N stretching skeletal vibrations is situated at 1492 cm À1 . This band is shied to 1495 cm À1 aer deprotonation. The double peak observed in the spectrum of polypyrrole salt at about 1376 and 1333 cm À1 corresponds to ring-stretching vibrations of pyrrole. The peak situated at the higher wavenumbers is assigned to the C-C ring stretching vibrations of oxidized polypyrrole. The second maximum was assigned to the neutral C-C ring stretching vibrations of reduced units. 39 This peak increased aer deprotonation and it has been connected with less conducting polypyrrole.
41 A shoulder at 1405 cm À1 appeared in the spectrum of deprotonated polypyrrole which corresponds to the C-N stretching vibrations in the neutral units. 32 The band of C-H antisymmetric in-plane bending vibrations with a maximum at about 1243 cm À1 remained practically at the same position aer deprotonation. In the double peak situated at 1088 and 1053 cm À1 in the spectrum of polypyrrole salt, the higher peak is attributed to the C-H in-plane deformation vibrations in radical cation units in protonated polypyrrole. The conductivity of polypyrrole is linked to the increase in intensity of this peak corresponding to oxidized polypyrrole units. 41 The peak situated at lower wavenumber increased aer deprotonation, and it is assigned to the C-H in-plane deformations in the neutral units of polypyrrole base 39 (Fig. 1) . The peak at 971 cm À1 in the spectrum of polypyrrole salt is attributed to the C-C ring deformation vibrations with radical cation. 40 It moved to 985 cm À1 in the spectrum of deprotonated polypyrrole, and it belongs to the ring deformation in neutral units. 39 The band situated at 934 cm À1 in the spectrum of polypyrrole salt moved to 922 cm À1 aer deprotonation and increased in intensity. It is assigned to the C-C ring deformation vibrations within dication unit. 41 Aer reprotonation of deprotonated samples in the solutions of acids the Raman spectrum returns to the original state (spectrum R).
In the Raman spectrum of nanotubular polypyrrole salt we observe the same bands practically at the same positions as in the spectrum of globular polypyrrole (spectrum NT in Fig. 7b ). This means that both forms have the identical molecular structure and differ in the organization of polymer chains. Aer deprotonation of nanotubular polypyrrole, a new band located at 1538 cm À1 appears. It may be connected with an increase of the C]N stretching skeletal vibrations in deprotonated units (Fig. 1) . The spectrum exhibits a higher increase in the intensity of the band of the neutral C-C ring stretching vibrations of reduced units situated at 1325 cm À1 and also of the band of the C-C ring-deformation vibrations with dication situated at 922 cm À1 than in case of globular polypyrrole. This may be connected with interaction between polypyrrole and MO. Aer reprotonation of the nanotubular polypyrrole with 1 M hydrochloric acid, we recognize the bands with intensities corresponding to the protonated polypyrrole salt (spectrum R). The bands of neat MO are not observed in the Raman spectra measured with near-infrared diode 785 nm excitation laser.
The dependence of conductivity on pH
The above discussion of deprotonation of polypyrrole with 1 M ammonium hydroxide (1.7 wt% NH 3 ) corresponded to the value of pH 11.6. The effect of the polypyrrole treatment with solutions of ammonium and sodium hydroxides of various concentrations in the pH range 10-14 on the conductivity has also been investigated (Fig. 8) .
The conductivity of nanotubes treated with ammonia solution stays above 0.1 S cm À1 , even at 25% ammonia concentration and only a moderate decrease is observed as the ammonia concentration increased. The same trend was found for globular polypyrrole, only the conductivity was lower by about two orders of magnitude compared with nanotubes.
In the solutions of sodium hydroxide the conductivity of nanotubes was reduced as methyl orange was liberated and hydrolytic changes in the molecular structure of polypyrrole took place, as conrmed by spectroscopic method below. At pH > 13, the conductivity of both types of polypyrrole is comparable. Some conductivity was maintained even aer the exposure of polypyrrole nanotubes to 5 M and 10 M sodium hydroxide, viz. 5.1 Â 10 À6 and 1.2 Â 10 À6 S cm À1 , i.e. at the level which is far from being negligible. Polypyrrole is thus suited even for the application operating at neutral or alkaline conditions where other conducting polymers, such as polyaniline, fail. It should be mentioned that the reprotonation of alkalitreated polypyrroles with acids does not recover the original conductivity, and the increase in conductivity is marginal, if any.
The dependence of infrared spectra on pH
When globular polypyrrole treated with alkali solutions in the pH range 10-14 is considered, the differences in the infrared spectra are relatively small (Fig. 9a) . They correspond to the consecutive deprotonation of polypyrrole as pH increases. The maximum of the band of C-N stretching vibration in the pyrrole rings situated at 1478 cm À1 increased during deprotonation, the other maximum of this complex band at 1455 cm À1 is now well detected and a new shoulder at 852 cm À1 appeared in the spectra. Under strongly alkaline medium represented by 1-10 M sodium hydroxide with pH close to 14, the spectrum of polypyrrole dramatically changed, as the chemical changes in polypyrrole chain took place. A broad band with maxima at 3422 and 2977/2925 cm À1 and a new peak at 2472 cm À1 are observed in the spectrum. A broad band with maximum at 1582 cm
À1
with a shoulder at 1633 cm À1 and a strong peak at 1455 cm À1 dominate in the spectrum. A sharp maximum located at 852 cm À1 is well observed. As it was shown in electrochemical experiments provided in alkaline medium, the potential needed for overoxidation of polypyrrole is signicantly reduced 42 and the formation of hydroxyl and carbonyl groups by nucleophilic attack takes place, 43 followed by alkaline hydrolysis to carboxylic salts and amines. 42, 44, 45 All these products are also reected in the present spectrum of polypyrrole exposed to strongly alkaline medium. The bands of original polypyrrole practically disappeared in the spectrum. Similar changes have previously been observed for electrochemical overoxidation of polypyrrole.
45-47
Infrared spectra of the nanotubular polypyrrole (spectrum NT in Fig. 9b ) are well resolved as the samples are better dispersible in potassium pellets compared with globular form. The peaks of MO marked with asterisk increased during consecutive deprotonation with increasing pH. The main bands of polypyrrole are detected in all spectra till pH 13 as it was observed in the spectra of globular polypyrrole. The situation, however, is different when pH reaches the value close to 14. Contrary to the globular polypyrrole, in the case of nanotubular polypyrrole we observe well all the bands of polypyrrole (spectrum for pH 14 in Fig. 9b ) on the background corresponding to the fully oxidized globular polypyrrole (spectrum for pH 14 in Fig. 9a ). Some sharp peaks of MO in its salt form are well visible in the spectrum of polypyrrole (spectrum MO). This means that the chemical stability of polypyrrole nanotubes under strongly alkaline conditions is better compared with globular form. This may be due to the fact that MO remains, at least in part, incorporated in polypyrrole as proposed in Fig. 6 .
The dependence of Raman spectra on pH
Raman spectra of globular polypyrrole excited with a 785 nm laser excitation line correspond to the above described spectrum of globular polypyrrole obtained aer deprotonation with 1 M ammonium hydroxide (Fig. 7a) at pH 10-13 (Fig. 10a) . Changes in the spectra follow the consecutive deprotonation of polypyrrole with increasing pH. The increase in the number of the C]N bonds in the neutral units is reected in the new peaks appearing at 1548 cm À1 and 1410 cm À1 . In strongly alkaline medium with pH approaching 14, the spectrum dramatically changed as in the case of FTIR spectra. We observed a broad uorescence band corresponding to the excitation of the overoxidized units of polypyrrole. Raman spectra of alkali-treated polypyrrole nanotubes (spectrum NT, Fig. 10b ) in the medium with pH 10-13 correspond to the spectrum of nanotubular polypyrrole obtained aer deprotonation with 1 M ammonium hydroxide (Fig. 7) . When pH reached the value 14, the bands at about 1495, 1405, 1325, 1048, 983, 922 and 874 cm À1 increased. Contrary to the spectrum of globular polypyrrole, where no bands of polypyrrole have been detected, the spectrum of nanotubular polypyrrole preserved its features even aer treatment with strongly alkaline medium. A uorescence background corresponding to the presence of MO is present in the spectrum of polypyrrole.
Conclusions
The conductivity of globular polypyrrole salt was reduced from the units of S cm À1 to 10 À2 S cm À1 aer treatment with 1 M ammonia solution at pH 11.6. The conductivity of polypyrrole nanotubes, 50 S cm À1 , was higher compared with globular form and aer exposure to ammonia solution the conductivity dropped to the units of S cm À1 . This means that polypyrrole, in particular in its nanotubular form, retains most of its conductivity under moderate alkaline conditions, up to pH 13. This may be of importance for applications operating under physiological or in alkaline region. FTIR and Raman spectra prove that the molecular structure of globular polypyrrole is irreversibly damaged at pH 14. The conductivity of both polypyrroles is further reduced under strongly alkaline conditions aer treatment with 5 or 10 M sodium hydroxide solutions. The reprotonation of polypyrrole, i.e. the treatment by solutions of strong acids aer exposure to alkalis, does not recover the original level of conductivity and the conductivity increase is only partial. The model molecular structure expecting the protonation of each third polypyrrole constitutional unit, i.e. Cl/N ¼ 0.33 atomic ratio for polypyrrole hydrochloride, reasonably well reects the experimental reality. The polypyrrole was deprotonated only in part to polypyrrole base in ammonia solution. Methyl orange, which was used as a template in the preparation of nanotubes, stayed incorporated in polypyrrole and may take a role of counter-ions resistant to the deprotonation, similarly like surfactants reported in the literature. The "insertion" of acid form of methyl orange into polypyrrole hydrochloride is proposed to account for better conductivity and stability towards the deprotonation.
